INTRODUCTION
The heightened risk of HIV infection among female sex workers (FSWs) has been clearly established across settings. 1 In sub-Saharan Africa (SSA), FSWs have an estimated HIV prevalence of 36.9% as compared to 7.4% in the general adult female population. 2, 3 In the Iringa region of Tanzania, a recently integrated biobehavioral surveillance survey found that 32.9% of FSWs were living with HIV. 4 Previous formative research conducted in Iringa documented the negative impact of stigma, discrimination, and violence among FSWs. [5] [6] [7] Such social and structural factors have been shown to inhibit engagement in HIV services among FSWs in SSA [8] [9] [10] contributing to their disproportionate risk and onward transmission.
Comprehensive, community empowerment-based approaches that address the sociostructural vulnerabilities of FSWs to HIV infection, and ensure equitable access to prevention interventions, have been shown to be effective in South Asia and Latin America. 11 We recently conducted a systematic review and meta-analysis of the impact of community empowerment on HIV outcomes among FSWs that included 22 studies among .30,000 women. We found that community empowerment-based HIV prevention approaches were associated with a 32% reduction in the odds of HIV infection among FSWs [odds ratio (OR): 0.68; 95% CI: 0.52 to 0.89] and a 3-fold increase in consistent condom use with clients (OR: 3.27; 95% CI: 2.32 to 4.62). 12 In addition, mathematical modeling suggests that community-led responses to HIV among FSWs which include scaling up equitable access to antiretroviral therapy (ART) for FSWs, can reduce HIV incidence among both FSWs and the general population. 13, 14 There have been limited efforts to implement and evaluate the effects of community-based combination prevention among FSWs in SSA.
By way of response, we are conducting a phase II trial of a community-based model of combination HIV prevention among FSWs in Iringa, Tanzania. Project Shikamana (Stick Together) includes a package of biomedical, behavioral, and structural intervention elements set within a larger rights-based framework. 15 The package has been tailored to the needs of FSWs in this setting based on input from formative research and ongoing consultation with an FSWs' community advisory board. Elements include (1) community-led peer education, condom distribution, and HIV counseling and testing in entertainment venues; (2) peer navigation to facilitate linkage to and retention in care and ART; (3) sensitivity training for HIV clinical care providers; (4) texts to promote awareness, solidarity, and adherence to care and ART; and (5) a community-led drop-in center for activities to promote social cohesion and community mobilization to address issues such as stigma, discrimination, violence prevention, and financial insecurity.
This study design being used to test the feasibility and initial effectiveness of this model is a community-randomized controlled trial conducted in 2 Iringa communities matched on demographics and HIV risk. The intervention arm is receiving the combination prevention package described above, whereas the control arm is receiving the local standard of care. The Iringa region is characterized by high prevalence of HIV (9% in Iringa vs. 5% in Tanzania overall) 16 that is thought to be the product of its location along the TanZam highway, a major trucking route, and large numbers of migrant seasonal workers, both of which create the demand for sex work. 17 Consistent with phase II trials, our goals are to establish base rates of key outcomes including viral suppression and HIV incidence among a cohort of HIV-infected and HIV-uninfected FSWs; document intervention feasibility and acceptance; and establish its preliminary effectiveness. This study will be the first assessment of how to strategically tailor 18 community-based combination HIV prevention among FSWs in SSA. Here, we present baseline findings from Project Shikamana.
METHODS

Overview
Participants were recruited from entertainment venues, which is the primary modality of sex work in Iringa, 4 where sex work is known to occur including modern bars, traditional bars, guesthouses and hotels, groceries/mini-bars/pubs, and clubs in 2 communities matched on size (approximately 25,000 each) and overall HIV prevalence (;7%). We updated a previous mapping exercise to identify a total of 164 venues across the 2 communities (Ilula and Mafinga). Venues ranged in size in numbers of women working on the premises at any given time, from 1 woman in the context of small local bars to 40 women in larger entertainment venues. We used timelocation sampling (TLS) to enroll a cohort that included 203 HIV-infected and 293 HIV-uninfected women. Inclusion criteria included women 18 years and over who reported exchanging sex for money in the last month. Participants were screened for HIV at baseline, surveyed at this same initial visit, and are currently being followed. Viral load (VL) was assessed among all HIV-infected women.
Sampling and Sample Size
TLS entailed identifying days and times when the target population gathered at sex work venues, constructing comprehensive sampling frames of venues and daytime units, then randomly selecting and visiting venues and daytime units, and systematically collecting information from eligible members of the target population during those periods. Recruitment ended when the target of 100 HIV-positive women was reached in each community. The TLS process and baseline recruitment period ran from October 2015 to April 2016. Participants were approached and screened for eligibility in a private place at or near the venue. For HIV-infected participants, we have power to estimate the difference in the proportions virally suppressed between intervention and control communities with a precision of 60.162 assuming a comparison proportion of 0.50, delta of 0.15, up to 30% loss to follow-up and 95% confidence interval. For the HIV uninfected, we have 95% power to detect a relative risk of 1.2 or greater, assuming that 75% are retained and remain free of HIV after 1 year in the control community.
Data Collection Procedures
Before the survey and blood draw, informed consent was obtained from all study participants. The survey assessed demographic, behavioral, and sociostructural factors such as stigma, social cohesion and gender-based violence (GBV) experience, as well as exposure to and use of HIV programs and services. All consenting participants (including those selfreporting to be HIV positive) were counseled and tested for HIV following Tanzanian national guidelines, using a dual parallel algorithm of the Uni-Gold and Determine rapid HIV-1 antibody tests in the field at the time of the survey, followed by a repeat dual parallel algorithm of these same tests after 2 weeks in the case of discordant results. VL analyses from specimens of all HIV-infected women were performed at the Muhimbili University of Health and Allied Sciences (MUHAS) laboratory in Dar es Salaam, using polymerase chain reaction technology with the Roche Amplicor HIV-1 Monitor Test. The study was approved by the Institutional Review Boards of the Johns Hopkins Bloomberg School of Public Health, and MUHAS and the National Institute of Medical Research (NIMR) in Tanzania. Participants were compensated 5000 Tanzanian shillings (Tsh) (US $2.50) for the baseline visit.
Variables and Outcomes
Sociodemographic and behavioral variables measured included participants' age, education, residence, migration (duration of residence in the region), mobility (travel outside region) over the last 6 months, marital status, number of children, number of paying and nonpaying sexual partners during the past month, consistent condom use per each partner type, drug use and alcohol use ever and during the past month, including type, frequency and number of alcoholic drinks, total income per month and percentage of income derived from sex work, and age of initiation, and length of time in sex work. Categories of types of sex work venues were defined based on formative research, 5 and women were classified by venue type based on self-report.
Primary study outcomes to be assessed after 1 year are remaining HIV uninfected among participants who are HIV uninfected at baseline, and viral suppression among those who are HIV infected at baseline. We will compare each outcome per arm between baseline and 12-month follow-up. Secondary prevention outcomes include HIV protective behaviors such as consistent condom use with clients and nonpaying sexual partners during the last month. Secondary treatment outcomes include engagement in care, and adherence to ART, assessed using the AIDS Clinical Trials Group (ACTG) measures. 19 
Aggregate Measures
Aggregate measures include sex work stigma and social cohesion. Sex work stigma (a = 0.86) was assessed with a 13-item 4-point Likert scale. This stigma measure was developed based on previous work on HIV stigma (Berger, 20 Zelaya 21 ), and was modified to reflect perceptions and experiences related to sex work stigma. This adapted measure was validated by our team among FSWs in the Dominican Republic. 22 Social cohesion (a = 0.77) was assessed using a reliable 9-item aggregate measure originally developed by the first author among FSWs in Brazil and later validated among FSWs in Swaziland. 23, 24 Participants rated their agreement on a 4-point Likert scale with statements related to mutual aid, support, and trust among their FSW colleagues. GBV experiences were assessed using measures adapted from the World Health Organization and Decker et al. 25 The assessment consisted of a series of yes/no questions regarding whether physical violence or sexual violence had been perpetrated by clients, nonclients, and others such as police officers. These questions were later categorized into having experienced any of these events across perpetrators, ever and in the last 6 months.
We also explored intervention and service exposure and uptake including HIV testing, treatment and care, peer education, condom access, and participation in community mobilization.
Data Analysis
The data were checked using descriptive statistics methods. For stigma and social cohesion scales, we calculated the average score over all items in the scale and multiplied by the total number of items. The HIV status outcome was based on the results of the rapid HIV test performed at study enrollment for each participant. The viral suppression outcome included only women who reported their positive status because this is the group that could potentially be on ART. Viral suppression was defined as a VL value #400 copies per milliliter or undetectable. Univariate and multivariate associations with each outcome were assessed using logistic regression models with robust variance estimation taking into account possible intraclass clustering by venue. All factors with a P value #0.3 were included in initial models, and backward selection was used to produce final multivariate models.
RESULTS
Demographic Characteristics
As shown in Table 1 , the median age of women in the Shikamana cohort was 27 years (SD 6.7). Most participants (71.0%) reported not having attended any secondary school. Slightly over half of them (56.5%) had been married, or were married, or were living with a partner. Almost all (83.8%) had at least 1 child that they were financially responsible for supporting. The majority (74.6%) lived and worked in the Iringa region for at least 6 months before recruitment, yet mobility was prevalent, with 42.9% having traveled outside Iringa during the past 6 months. Most (69.6%) women had spent less than 6 months working in the venue from where they were recruited. Median overall monthly income was 120,000 Tsh (US$ 55), with approximately half of the participants' monthly income coming from sex work (US$ 23). The median length of time engaged in sex work among participants was 5.0 years, with a median number of 2.0 clients per week. Most reported charging less than 15,000 Tsh (US$ 7) per sexual encounter with a client. Regarding types of venues, 41.7% worked in "modern bars," with the rest in "traditional bars," guesthouses, and hotels. Most participants (60.9%) reported earning income from either full-or part-time employment at the establishment itself, eg, being paid for working as a barmaid, in addition to money made from sex work.
Sociostructural and Behavioral Factors
Stigma, discrimination, and violence were prevalent. For example, nearly half (48.6%) of our cohort had experienced at least 1 form of stigma associated with being an FSW. The median level of reported sex work stigma was 39 (18-52 range) at baseline. Half had ever experienced either physical or sexual GBV (50.8%). Substance use was also common, including in the venue (71.2%) and during sex work transactions (42.0%). Most of this was alcohol use with 49.2% reporting drinking on 4 or more days per week. Only 6.9% reported any previous illicit drug use and 3.0% in the last 6 months. Despite a high baseline prevalence of HIV (40.9%), less than half of the women reported consistent (past month) condom use, with 40.4% reporting consistently using condoms with new clients, 34.3% with regular clients, and 21.1% with nonpaying steady partners. For access to interventions and services, 12% reported having had contact with a peer educator who provided HIV prevention education or facilitated access to services. Approximately onequarter (26.6%) reported having been tested for sexually 
HIV Care and Treatment Dynamics: Reaching the 90-90-90s
As seen in Figure 1 , there was a significant difference between the 90-90-90 goals 26 
Factors Associated With HIV Status
As seen in Table 2 , a number of factors were found to be associated with HIV infection in univariate analyses, including older age, lower education, being married or living with a partner, 3 or more children that the woman is responsible for, lower mobility (not traveling outside the region over the past 6 months) and lesser migration (living in the community for over 6 months), lower income (overall and from sex work), 7 or more years in sex work, not being employed by the venue, working in a traditional type of establishment (eg, guesthouse or hotel), substance use in the venues and during sex work (alcohol or drugs), and not being tested for STI in the last 6 months. In multivariate analyses, variables that remained significant included community, older age, lesser migration, being married or living with a partner, lower income charged per sex work encounter, higher average number of clients, substance use, and not having previous STI testing. Specifically, we found that women from Mafinga had a 1.69 higher adjusted odds of being HIV infected (95% CI: 1.05 to 2.72). Older FSWs had higher odds of HIV infection per year of age (OR 1.08; 1.04 to 1.12), as did those who had been in the Iringa region for more than 6 months (OR 1.62; 1.04 to 2.50). FSWs who were married, or had been married, or had a live-in partner, had a marginally significant higher risk of HIV (OR 1.53; 0.99 to 2.35), as did those with 4 or more clients per week (OR 1.55; 0.94 to 2.53). A greater amount of money (in the upper tertile) charged per sexual encounter with clients was protective in relation to HIV status (OR 0.56; 0.33 to 0.96), as was having tested for other STIs in the past 6 months (OR 0.61; 0.42 to 0.88).
Factors Associated With Viral Suppression
Univariate analyses for viral suppression among women aware of being HIV infected at baseline also revealed a number of significant demographic and sociobehavioral factors, including older age, smaller income from sex work, lower number of clients per week, being selfemployed, and with a higher social cohesion among FSW colleagues (Table 3) . Self-reported use of ART and adherence in the last 4 days were both strongly associated with viral suppression. These 2 treatment variables were not included in the multivariate model because these are necessary intermediate steps for viral suppression and would overwhelm the effect of other variables. In multivariate analyses (Table 4) 
DISCUSSION
Project Shikamana is one of the first initiatives to implement and evaluate a community empowerment-based approach to combination HIV prevention among FSWs in SSA. At baseline, major gaps in access to HIV services and progress toward the 90-90-90 goals were identified. 27 Less than one-third of HIV-infected women enrolled were previously aware of their status, highlighting the need for intensified HIV counseling and testing services that are acceptable and accessible to this population, such as the venue-based HIV counseling and testing now offered in our study. The percentage of FSWs who had accessed ART and were virally suppressed also demonstrate gaps in access to care and treatment. Peer navigation is another element of our intervention whereby FSW leaders work to link and retain FSWs living with HIV into care and onto ART. These efforts promote peer-led health communication and social support which have been effective in facilitating treatment-seeking behaviors in other settings, 28 including among FSWs in the Abriendo Puertas (Opening Doors) project in the Dominican Republic. 11 Multivariate analysis of baseline data demonstrated several key factors that were associated with both HIV infection and viral suppression including community, age, employment dynamics, and substance use. After adjustment for important confounders, FSWs from Mafinga were found to be more likely to be infected with HIV and, in the case of those who were aware of their HIV-positive status, virally suppressed. Older age was also associated with greater HIV prevalence and greater viral suppression. Alcohol and/or drug use during sex work was negatively associated with both HIV infection and viral suppression. Employment dynamics, including number of clients per week, was negatively associated with both HIV status and viral suppression although greater income charged per client was protective for HIV status, and length of time working in the venue was significantly associated with viral suppression. We also found that having tested for STI was significantly associated with not being HIV infected at baseline, although greater social cohesion was borderline significantly associated with viral suppression.
Although the 2 communities were matched on size and overall HIV prevalence and had similar baseline HIV prevalence among FSWs, community did affect HIV status and viral suppression. Preliminary field reports suggest that differential access to services may be a key factor underlying this finding. Indeed, integrating screening and treatment for other STIs may have a valuable impact given that recent STI testing (past 6 months) was significantly protective for HIV infection in our research. Previous research among FSWs in Tanzania and other settings have shown similar findings. 29 Factors found to be associated with HIV status and VL illuminate structural issues for consideration in the implementation and scale-up of community-based combination HIV prevention models for FSWs in this setting and beyond. We found that substance use, particularly alcohol use, in the context of sex work venues and exchange, is highly relevant to prevention and treatment of HIV and care outcomes. We are currently conducting qualitative research to better understand the social context of alcohol use in sex work venues in this setting. In previous formative work, we found many FSWs understood, possibly from providers, that they could not take ART on a day when they had been drinking. 30 Addressing misinformation through ongoing dialog and communication between FSWs and providers on the role of alcohol use in ART adherence has been integrated with our ongoing sensitivity training for clinicians serving FSWs living with HIV.
Lastly, the finding that social cohesion was positively related to viral suppression is also important to highlight. The number of women who knew their HIV status at baseline was small, potentially limiting our ability to detect a stronger statistical relationship between social cohesion and viral suppression. Previous work, including in other SSA countries, 31 has demonstrated the critical 32 importance of social cohesion as a component of community empowerment-based HIV prevention approaches among FSWs, 12 and found significant associations with HIV status. Limited work, however, has been conducted on how social cohesion and community empowerment approaches can target HIV care and treatment outcomes that are critical to both the health and human rights of FSWs and curbing ongoing transmission. 33 Because we continue to promote, facilitate, and support opportunities for solidarity and mobilization among FSWs in Iringa, we will be looking closely at how these factors influence the impact of intervention over time.
The analysis presented here has several limitations. As a baseline analysis of a larger trial, the findings are crosssectional in nature and inferences of causality are not possible. In addition, several of the treatment outcomes rely on self-reported behaviors including awareness of HIV status and engagement in and adherence to ART. However, triangulation of findings with both biological outcomes such as viral suppression, and sociostructural factors such as stigma, discrimination, and violence, strengthens the current characterization of what has been a previously understudied population, FSWs living with HIV, in SSA.
